The objective was to evaluate the percentage of emergency plantlets and lipid peroxidation in seeds of 29 half-sib progenies of yellow passion fruit (Passiflora edulis Sims.) after 24 months under storage. The experimental design was completely randomized, with four replications of 50 seeds each, from which the treatments were the progenies (1-29). The evaluation of the percent plantlet emergency was accomplished at 14 and 28 days after sowing. The lipid peroxidation of the seeds was expressed as malondialdehyde (MDA) content that was determined by the TBARS method. Approximately 21% of those half-sib progenies maintained the viability of their seeds for twenty-four months under storage. The results point out a remarkable genetic variability for vigor and emergency of the yellow passion fruit plantlets, with occurrence of individuals with high and other ones with low capacity to maintaining the physiologic quality of their seeds after storage. Index terms: Passiflora edulis, genotypes, seeds, vigor, stress oxidative.
INTRODUCTION
Passiflora edulis, the passion fruit native from Brazil, has several common names (such as sour passion fruit, yellow passion fruit, black passion fruit, and purple passion fruit), and presents a wide variability (BERNACCI et al., 2008) . Among those species, the yellow passion fruit plant P. edulis Sims. f. flavicarpa Deg. is most commercially explored. Numerous uses are attributed to this species as sedative activity (DENG et al., 2010; LI et al., 2011) . In addition to its seeds serve as a vehicle for induction of resistance in the yellow passion fruit Xanthomonas axonopodis pv. passiflorae (BORO et al., 2011) . High genetic variability is found in the Passiflora genus. Alexandre et al. (2009) report the importance in using the natural genetic variability of the commercial species P. edulis f. flavicarpa in genetic improvement programs. Alexandre et al. (2004) and Negreiros et al. (2008) found genetic variability affecting both percent germination and emergency speed in Passiflora edulis f. flavicarpa.
The seed storage is important to provide either more flexibility to its commercialization and the germplasm preservation. The need to conserve plant genetic resources can no longer be in doubt. Genetic resources are vital for crop breeding programmes as sources of new genes for, for example, disease and pest resistance (PRACIAK, 2008) . On the other hand, the storage for long times may affect the viability of the seeds and even causing their death, which could be detected through several physiologic and biochemical mechanisms. Among those indicators, one may find the formation of cytotoxic substances such as the production of the malondialdehyde (MDA) that is a product of the lipid peroxidation. The peroxidation of the lipid membranes causes decrease in fluidity and modifications in both ion permeability and other functions associated to the membranes (QUEIROZ et al., 1998) . Some studies show the possibility of early identification of genotypes tolerant to stresses by means of biochemical and molecular markers MEI et al., 2010; KAUR et al., 2012) . In general high superoxide dismutase (SOD) activity, and H 2 O 2 content and low MDA and phytic acid content are related with cold stress tolerance (KAUR et al., 2012) . Cruz et al. (2007) ranked genotypes for seed tolerance to low temperatures, showing that there is variability between them and potential for use in earlier sowing in southern Brazil.
The objective was to evaluate the percentage of emergency plantlets and lipid peroxidation in seeds of 29 half-sib progenies of yellow passion fruit (Passiflora edulis Sims.) after 24 months under storage.
MATERIAL AND METHODS
The experiment was conducted in the Laboratory of Technology and Seed Analysis of the Plant Sciences Department, University Center of Northern Espírito Santo (CEUNES) of Federal University of Espírito Santo (UFES), Alegre-Espírito Santo.
Ripe fruits of only one yellow passion fruit plant (Passiflora edulis Sims.) (BERNACCI et al., 2008) obtained by open pollination of 29 half-sib progenies in the orchard at the Horticulture Sector of the Experimental Farm of the Plant Sciences Department, Federal University of Viçosa, Viçosa-Minas Gerais.
The seeds were extracted, by half-sectioning of the fruits and removing the mucilage containing the seeds from their internal cavity. Mucilage was separated from the seeds, by using a thin-meshed sieve added with quicklime (CaO) and subjected to friction with the hands on such a way to remove the aril. Then, the seeds were washed in running water for final removal of the placenta remains. After completely clean and rinsed, they were arranged on paper towel and left to dry under shadow for three days. The seeds were conditioned in paper multifoliated bags and stored in refrigerator at 5 o C temperature for twenty-four months.
Following, they were sowed in gerbox boxes containing sterilized sand as substratum at 1cm depth and incubated in BOD-type germination chamber provided with fluorescent tubes of 40W (OSRAM ® , Daylight), so promoting an irradiance of 30 µmol m -2 s -1 and photoperiod of 12/12 hours (light/dark) under alternate temperature of 20-30 ºC. When necessary, the substrate was dipped up to field capacity. The evaluation of the percent plantlet emergency was accomplished at 14 and 28 days after sowing.
The lipid peroxidation of the seeds were expressed as malondialdehyde (MDA) content, that was determined by the TBARS method (BUEGE & AUST, 1978; MA et al., 2007; MEI et al., 2010; YANG et al., 2010; KAUR et al., 2012; KESHAVKANT et al., 2012) . Samples of seeds within each progeny (100mg fresh matter) were homogenized in 5.0mL trichloroacetic acid (TCA) 0.1% (p/v) at the presence of polyvinylpolypyrholidon (PVPP) at the proportion of 1:1.5 (PMF:PVPP). The homogenate was centrifuged for 30 minutes at 4000g. All stages necessary to the extraction process were conducted at 4 ºC temperature. Some 1.0mL aliquot was taken from the supernatant, by adding to it an aliquot of 4.0 mL of the mixture containing 10% (p/v) of TCA and 0.5% TBA containing 0.01% BHT (butylhydrotoluene). Then, the test tubes containing the mixture were closed and incubated in water-bath for 15 minutes at 95 ºC with agitation. The reaction was interrupted by transferring the test tubes to ice bath. The "white" was prepared without the sample, but following all other stages. The absorbance of the supernatant was read at 535nm and 600nm. The formed amount of the MDA-TBA compound was determined, by applying the methodology described by Dhindsa et al. (1981) The completely randomized design was used, where the treatments were those 29 half-sib progenies (1-29), with four replicates with 50 seeds each one. The data were subjected to variance analysis, with the averages grouped by the Scott-Knott grouping test, at 5% probability.
RESULTS AND DISCUSSION
At 14 days under evaluation, only progenies 9 and 14 showed emergency percentage above 50%. However, progeny 9 showed low vigor (54%) when compared to progeny 14 that reached 71% emergency of the plantlets (Figure 1 ). Because this genetic influence, there is no possibility to characterizing this passion fruit plant as a highly vigorous species. In this study, only progeny 14 showed the best result also for this characteristic (Figure 1) .
At 28 days, the highest emergency percentage (97%) was found in progeny 14. The progenies 2, 9, 13, 21 and 24 showed the values 82%, 84%, 81%, 92% and 94%, respectively, so not statistically differing from progeny 14 that belongs to the same grouping according to Scott-Knott test (Figure 1) . From those 29 progenies under study, 17 showed lower emergency percentage (1-32%; 3-1%; 4-45%; 7-4%; 8-30%; 10-9%; 11-27%; 17-25%; 18-32%; 19-9%; 22-42%; 23-49%; 26-46%; 27-47%; 28-47%) whereas two ones (5 and 25) equal to 50%. It was also observed that four progenies (6, 12, 20 and 29) showed no plantlet emergence (Figure 1) . The other progenies 15 (57%) and 16 (61%) also showed low emergency percentage (Figure1). Those results point out the occurrence of effect from the genetic material origin and, in this case, only six (2, 9, 13, 14, 21 and 24) of the 29 progenies under study kept high viability of the seeds. Alexandre et al. (2004) also verified that speed and emergency percentage of the plantlets were affected by the genotype. Second (NEGREIROS et al., 2008) , among the features that contributed most to genetic diversity has been the emergence percentage and emergence speed index. Moreover, control of the male progenitor did not influence the seed quality (ARAÚJO et al., 2009 ). Alexandre et al. (2004) observed that progeny 33 showed the highest vigor and emergency (84%) results of the plantlets. Because they developed the study under field conditions, the climatic variations occurring during the experiment might have been the factor limiting a high genotype numbers to reach higher values for emergency of the plantlets, despite the seeds have not been subjected to storage. In the present study, however, a higher number of progenies are observed with high emergency percentage, since the environmental conditions were so controlled as possible, mainly the temperature (20-30 ºC). The likely explanation for the low emergence of some progeny may be genetic, as observed by (MARTINS et al., 2010) , where he found in the seeds of P. edulis f. flavicarpa the presence of steroids, triterpenoid and reducing sugars which may inhibit or reduce germination.
When conditioning the seeds of the progenies for 12 months in permeable paper bags and to store them under laboratory conditions (25 ºC), Alexandre (2006) observed that progeny 2 reached the highest germination percentage (61%) at the end of this period. In this case, the low germination values of the seeds from those progenies are probably related to storage conditions. Second (CARLESSO et al., 2008) storage for three and six months did not affect the physiological quality of seeds. It is well-known that storage highly affects the physiologic quality of the seeds, so the storage environmental conditions in the present study (refrigerator at 5 ºC) probably provided higher number of progenies with high emergency rate (Figure 1) .
According to Nakagawa et al. (1981) , the best results for preservation of the yellow passion fruit seeds showing 60% germination after 57 months under storage are due to low temperature (±5 ºC). Catunda et al. (2003) found that those yellow passion fruit seeds stored in refrigerator (4 ºC and 60% RH) showed better viability preservation, independent from the packing type used. However, Martins et al. (2005) observed that combining 10% moisture level with 20 o C temperature favored the preservation of the P. edulis f. flavicarpa seeds at 315 days under storage. In this condition, they found 79.5% emerged plantlets. Although the best emergency results for the plantlets (51 and 43%, respectively) of P. edulis LIPID PEROXIDATION AND SEED EMERGENCY IN PROGENIES... f. flavicarpa were obtained when the seeds of this species were stored in chambers with controlled temperature (15 ºC; 7 and 11% RH), Fonseca and Silva (2005) observed the values to be very low, so pointing out low efficiency of the treatments in maintaining the physiologic potential of the seeds.
The highest MDA contents observed in seeds of the progenies 3, 6, 7, 12, 20 and 29 (Figure 2) can explain the values below 5% found in the emergency of the plantlets from progenies 3 and 7, but null in those from progenies 6, 12, 20 and 29 ( Figure  1 ). MDA is a biomarker that induces oxidative damages and one of the last products released in the lipoperoxidation process. Lipoperoxidation is a chained autoxidation between the molecular oxygen and the polyunsaturated fatty acids of the phospholipid membranes (MATIAS & CREPPY, 1998) . Comparisons between levels of this aldehyde in seeds of P. edulis indicate the possibility of selecting genotypes tolerant to stress in storage. Seeds of commercial species (P. edulis f. flavicarpa, P. edulis and P. alata) are rich in polyunsaturated fatty acids (ZERAIK et al., 2010) . This process occurs even though these polyunsaturated fatty acids found in large quantities, for example, in P. edulis are less susceptible to oxidation (LOPES et al., 2010) .
The MDA concentrations found by Alexandre (2006) in seeds of the P. edulis f. flavicarpa progenies stored under laboratory conditions (25 ºC) for twelve months were considerably higher than those observed in the present study, from which the seeds were stored in refrigerator (5 ºC), despite the storage period to be longer (twenty-four months). The storage of the seeds in refrigerator at 5 ºC has probably reduced the metabolism of the seeds, consequently also reduced the deteriorative process, where Alexandre (2006) obtained an average of 3.19 nmol gMF -1 (MDA) and the present study the values were below 1.8 nmol -1 gMF -1 (Figure 1 ). Tozzi & Takaki (2011) showed that lipids present mainly in the endosperm of seeds of P. edilis f. flavicarpa are used as a reserve. And what that inositol phospholipids play an important role the trafficking of membranes, the phytic and biosynthesis and cell wall, are obtained through the conversion of D-glucose-6-phosphate to 1-L-myoinositol-1-phosphate catalyzed by enzyme myoinositol-1-L-phosphate synthase (MIPS) was also isolated from P. edulis f. flavicarpa by cloning the gene PeMIPS1 (ABREU & ARAGÃO, 2007) .
It is known that lipid degradation in plants lead to the production of Acetil Co-A, leading to sucrose synthesis by gluconeogenesis and therefore may be stocked as starch when its levels in the cytosol are high (GRAHAM, 2008; MURPHY et al., 2008) . Sucrose is the predominant sugar but its content was not correlated with good storage. The content of raffinose as a mass fraction of total sugars and the magnitude of the glassy state showed positive correlations with storage stability. Apparently raffinose amplifies the magnitude of the glass signal and this in turn is associated with enhanced storability (BERNAL-LUGO & LEOPOLD, 2008) . In the seeds of Medicago truncatula stachyose was synthesized only during the final maturation and early desiccation (DJEMEL et al., 2005) . However, in soybean oligosaccharides of the raffinose family is not an essential source of energy during germination (DIERKING & BILYEU, 2011) . Freitas et al. (2006) found reduced lipid contents in the cotton seeds, when the artificial aging of the seeds were increased. According to the authors, this reduction would be explained by the occurrence of oxidation in the lipids of the seeds that is a reaction caused by intensification in the deteriorative process. It is well-known that there are the occurrence of the enzymatic systems able to preventing the propagation of the free radical reactions is well-known, such as the case of the superoxide dismutase enzyme (SOD) that catalyzes the reaction O 2 · in H 2 O 2 and the catalase enzyme (CAT) that transforms H 2 O 2 into water and oxygen (MATIAS & CREPPY, 1998) . This mechanism could explain the low MDA values found in seeds of the progenies 2, 5, 9, 13, 14, 15, 16, 21, 23, 24, 25, 26, 27 and 28, therefore suggesting higher activity of these enzymes from the oxidative stress.
A wide genetic variability occurs in vigor and emergence of the plantlets among different half-sib progenies of the yellow passion fruit plant, from which some genotypes show high capacity to maintaining the physiologic quality of their seeds, whereas other ones show low capacity after twentyfour months under storage.
FIGURE 1 -Emergency of plantlets from 29 half-sib progenies of P. edulis, after twenty-four months under storage. Averages with the same lower case letter among progenies belong to the same grouping, according to Scott-Knot test, at 5% probability. 
CONCLUSION
A wide genetic variability occurs in vigor and emergence of the plantlets among different halfsib progenies of the yellow passion fruit plant, from which some genotypes show high (2, 9, 13, 14, 21 and 24) capacity to maintaining the physiologic quality of their seeds, whereas other ones show low (1, 3, 6, 7, 8, 10, 11, 12, 17, 18, 19, 20 and 29) capacity after twenty-four months under storage.
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